input from the Schaffer collateral system of CA3. A reHouston, Texas 77225 cent study reported a dissociation of the function of the NMDA receptors (NMDARs) in CA1 and CA3 in a spatial working memory task (Lee and Kesner, 2002). PharmaSummary cological blockade of NMDARs in CA3 or CA1 had no effect in a short-term spatial working memory task in a Computational theories have suggested different funcfamiliar environment. However, the same blockade of tions for the hippocampal subfields (e.g., CA1 and CA3) NMDARs in CA3, but not in CA1, severely impaired the in memory. However, it has been difficult to find dissoanimal's ability to initially perform the same task in a ciations relevant to these hypothesized functions in novel environment. Because the COM shift of CA1 place investigations of the hippocampal correlates of space fields has also been shown to depend on NMDARs be involved in the comparison of present experiences In order to fully understand the mechanisms and funcwith stored representations of previous experiences in tional significance of the COM shift phenomenon in CA1, the CA3 network. it is essential to investigate the properties of its afferent Results
in a cue-controlled environment, in which multiple distal
Lap-by-Lap COM Shift in CA3 and CA1 For each cell, the COM of its firing field was calculated cues were available along the walls and on the floor, for the combined firing from all 15 laps in the session and distinct local cues were present on the track (Figure (session-based COM). The session was then divided 1A). Place cells were simultaneously recorded from CA1 into individual laps, and the COM of the place field on and CA3 in some of the animals (n ϭ 6; Figure 1B) , each specific lap (lap-based COM) was calculated and whereas cells were recorded from either CA1 (n ϭ 7) or subtracted from the session-based COM to generate a CA3 (n ϭ 1) in the others. The CA3 electrodes were measure of the shift in the COM on each lap (⌬COM; typically lowered to the pyramidal cell layers that are Figure 2A ). The ⌬COM was examined in CA1 and CA3 located in the distal or middle portion of CA3, distal to across 4 days for each standard and mismatch session the hilar area (below the CA1 or CA2 cell layers or at (each session will henceforth be abbreviated as D1-the lateral tip of the dorsal hippocampus; Figure 1B) . STD-CA1, for example, to denote the data from the CA1 When CA1 cells were recorded simultaneously with CA3 place fields that were recorded in the standard session cells, the CA1 electrodes targeted the proximal or midon day 1). To first compare the overall magnitude of dle CA1 cell layers (farther from the subiculum; Figure  COM shifts in the standard and mismatch environments, 1B), as the anatomical literature shows that the distal we examined the COM shift for all data combined over and middle CA3 regions typically send their Schaffer 4 days ( Figure 2B ). There was a gradual COM shift in collateral axons to the proximal and middle CA1 regions, CA1 in the standard as well as in the mismatch sessions, respectively (Ishizuka et al., 1990) . Of the cells that were as the slopes of the regression lines were significantly recorded from the tetrodes, only those that were unamnegative in both sessions (p values Ͻ 0.0001). Although biguously assigned to either CA1 or CA3 were used for there was an initial forward shift of the COM of CA1 place further analysis (e.g., cells in CA2 or the hilar area were fields between laps 1 and 2 in the standard session, the not used).
COM shifted steadily backward from laps 2 to 15. (The During pretraining, each animal was familiarized to reason for the initial forward shift is not clear, and it may the environment in which the relationships among cues reflect statistical fluctuation; nonetheless, the backward remained constant (standard session; Figure 1A ). Aftershift for the remaining laps is clear and statistically sigward, five experimental sessions were given daily for 4 nificant.) The amount of maximum COM shift (4.6Њ, or consecutive days; on each day, three standard sessions 2.6 cm, between lap 2 and lap 15; Figure 2B ) in CA1 in were interleaved with two mismatch sessions, in which the standard sessions was 7% of the average, sessionlocal cues on the track surface were rotated counterbased, CA1 place field size (66Њ), which is similar to the clockwise, and distal cues were rotated clockwise to amount of COM shift (1.4 cm, or 5% of the population cause a predetermined amount of mismatch between average place field) that was originally reported by distal and local cues (i.e., 45Њ, 90Њ, 135Њ, or 180Њ; Figure , but not in CA3. However, the altered environtween different cue configurations in the later mismatch ments produced shifts in the COM in both subfields to sessions of the day (for later sessions, see Supplemental a greater degree. Figure S1 at http://www.neuron.org/cgi/content/full/42/ Although both subfields developed similar amounts of 5/803/DC1). The mismatch sessions with different misbackward COM shifts across laps in mismatch sessions match angles were combined together in the analysis, when the data were combined over 4 days ( Figure 2B ), as there were no significant differences among those the time course with which those COM shifts occurred sessions. Furthermore, the patterns of partial remapping was different in CA1 and CA3; specifically, a double that were previously reported in the current paradigm dissociation between CA1 and CA3 was found in the (Knierim, 2002) were not systematically related to the COM shifts for the mismatch sessions on day 1 and the differential COM shift between CA1 and CA3 that is following days. The COM in CA3 shifted backward when the animal experienced a mismatch session for the first described below. The circular track at the center was composed of four different textured surfaces (local cues; denoted by different colors on the track), each covering one-quarter of the track. Surrounding the track were various visual cues, either hanging on the curtain (the three cues shown outside the outer circle; the curtain is not shown for simplification) or standing on the floor (the three cues inside the outer circle). During pretraining, the relationships between the local and distal cues were maintained constant ("standard session" or STD). In the recording sessions, the standard session was followed by a "mismatch session" (MIS) in which the track was rotated counterclockwise, and all the distal cues were rotated clockwise by the same amount (denoted as LЊ for local cues and DЊ for distal cues). This double rotation produced a predetermined amount of mismatch between the local and distal cues (90Њ in this example). On each of 4 days, three standard sessions were interleaved with two mismatch sessions (of different mismatch angles). Only the first standard and mismatch sessions of each day were analyzed and shown here. time on day 1, whereas the COM remained unchanged CA3 and D2-MIS-CA1 (autocorrelation decreasing from positive to negative across lags) and less obvious, yet in CA1 in the same condition (Table 1; MIS-CA3 (laps 1-5), after which no significant development of negative skewness across laps was observed random, such autocorrelations should be near 0 for all time-lag separations, whereas, if they are nonrandom, in CA3 on day 3 (p Ͼ 0.5) and day 4 (p Ͼ 0.5). It is important to note that on days 3 and 4, the place fields one or more of the autocorrelations will be significantly nonzero (especially at lag 1). The autocorrelation plots in CA3 were negatively skewed from the first lap and remained negatively skewed across most laps. This re- (Figure 3) show a time-dependent trend in the data (e.g., increasing or decreasing pattern in the COM shift); there sult may suggest that a long-lasting, underlying plasticity mechanism may have saturated in CA3 after day 2, were obvious downward trends in the ⌬COM in D1-MIS- cantly increased across laps on day 1 (p Ͻ 0.001; regressions (D1-MIS-CA3) was caused by the development of a negative skewness and the expansion of the field sion analysis) but did not increase significantly on days 2-4 ( Figure 4B) . width, which is similar to the pattern of changes observed in CA1 place fields in the previous study (Mehta In sum, the results suggest that the COM shift across laps in CA3 (Figure 2C) during the first mismatch seset al., 2000) . In contrast, the COM shift in CA1 was Figure 5A ). An ANOVA was performed with the subfield and the cue configuration Previous literature showed that the place fields in CA3 mapped more specific regions of space than did the developed negative skewness over the first few laps on days 1 and 2 in the mismatch conditions, and on days 3 and 4 they maintained this negative skewness from Relationship between COM Shifts and Negative Skewness the very first lap ( Figure 4A ). Moreover, CA3 place fields were significantly more skewed than CA1 place fields Some discrepancies between the present results in CA1 and previous reports are noteworthy. In the present in both the standard and mismatch sessions ( Figure 5B) . Thus, the lack of a COM shift in CA3 in the standard study, CA1 place fields did not exhibit an experiencedependent development of negative skewness (the CA1 environment and after the first day in the mismatch environment may be the result of a saturation of the LTP fields showed a slight negative skewness on average, but this skewness did not change over laps). Although mechanisms, causing the place fields to become maximally skewed and shifted, without the 24 hr depotentiathis result differs from the robust development of negative skewness that was reported by Mehta The entorhinal cortex sends current, sensory inputs to the dentate gyrus (DG) and the CA1 and CA3 subfields of the hippocampus. The DG-CA3 network rapidly encodes new spatiotemporal sequence information for long-term storage in the CA3 synaptic matrix. In a familiar environment, the CA1 network encodes the current sequence of locations/events, based on its entorhinal inputs, and compares this sequence with the stored information of the typical (expected) sequences of locations/events in CA3. A significant mismatch between those sequences may trigger a mechanism (e.g., excitation of cholinergic inputs) that reinitiates the encoding process of the novel information in the DG-CA3 network. For simplification, the CA1 output pathway to the entorhinal cortex via the subiculum is omitted. STDP, spike timing-dependent plasticity.
quences of place fields in the familiar environment to detect any novelty that might be encountered in the environment. In other words, based on its entorhinal inputs, CA1 may encode the sequence of places (or events) that the animal is currently experiencing. It may simultaneously compare these sequences with the stored sequences in CA3 that represent the learned patterns that have usually occurred in the animal's past experiences in the environment. If there is a discrepancy between the present sequences and the stored past sequences, this may trigger processes that are adaptive for dealing with a novel environment or novel experiences in the same environment. These processes presumably include the rapid encoding of the new sequences into the CA3 network, perhaps as the result of would increase the possibility of losing subtle and dy-
Behavioral Testing
for COM data was performed using the SPSS software package. The formula for the autocorrelation coefficients in this analysis was On each testing day, each animal was given a baseline sleep period (30 min), during which multiple cells were recorded, before the first behavioral testing session and after the last testing session. The data that were collected during sleep were used to determine the R h ϭ . A regression analysis (either simple or location and finished 15 CW laps for a given session. On a given second-order polynomial) was used throughout the paper to test day, three standard cue configuration sessions were presented. In whether the slope of a curve was significantly positive or negative. between those identical standard sessions, the track was rotated counterclockwise (CCW) 22.5Њ, 45Њ, 67.5Њ, or 90Њ, and the distal cues
